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Abstract 
Therapeutic footwear and orthotics are orthopaedic devices designed to treat or adjust various biomechanical foot 
complications especially among athletes. The aim of this study is to review the past and present advances made into 
therapeutic footwear research and also what is yet required to be done in the future in order to determine how the 
available research evidence on the use of therapeutic footwear can contribute to offload pressure in the foot in a 
predictable fashion to allow informed clinical prescription for foot pressure related problems such as ulcer 
prevention, ulcer treatment, and plantar pressure reduction in the diabetic foot. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The foot and ankle, by virtue of their location, form a dynamic link between the body and the ground. The foot and 
ankle are basic to all upright locomotion performed by the human, constantly adjusting to enable a harmonious 
coupling between the body and the environment for successful movement [ 1]. The dynamic characteristics of the 
foot and ankle have been inferred traditionally from cadaveric examination and qualitative clinical assessment. 
Advancements in biomechanical techniques for dynamic analysis have enabled more quantitative and accurate 
documentation of foot and ankle function during movement, especially during the process of running [ 2]. 
Running is one of the most popular sporting and leisure activities because of the low costs of involvement, the 
ability to participate at any time and the associated health benefits [ 3]. Running injuries can affect anyone who 
participates, regardless of their age or gender. The cause and types of injury are overuse injuries which are the most 
common type of injury associated with running and injuries which are associated with inadequate warm-ups, 
training errors, incorrect running style, poor footwear and poor environmental conditions [ 4]. Running injuries can 
lead to a reduction in training or full cessation of training. Many injuries result in medical consultation. The running 
injuries can have severe consequences in runners with diabetes due to their loss of sensation resulting in ulcers and 
ultimately amputation [ 5]. The orthotic intervention enables such injuries particularly among diabetes to be 
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minimised. While most footwear protects and supports the foot, the running shoe goes beyond what one would 
expect of the ordinary shoe. Its advantages have been the subject of intense scrutiny in recent years, a focus that 
results from an increasingly health- and leisure-conscious population in general, and from the popularity of running 
in particular. As more people have become involved in the sport, more and more varied equipment has become 
available to runners. Consequently, the running shoe has evolved quite dramatically over the past 20 years [ 5]. 
The last 20 years have witnessed great changes in the design of the running shoe, which now comes in all styles and 
colours. Contemporary shoe designers focus on the anatomy and the movement of the foot. Using video cameras 
and computers, they analyze such factors as limb movement, the effect of different terrains on impact, and foot 
position on impact [ 6]. Runners are labelled pronators if their feet roll inward or supinators if their feet roll to the 
outside. Along with pressure points, friction patterns, and force of impact, this information is fed into computers 
which calculate how best to accommodate these conditions. Designers next test and develop prototypes based on 
their studies of joggers and professional runners, readying a final design for mass production. A running shoe may 
have as many as 20 parts to it, and the components listed below are the most basic. The shoe has two main parts: the 
upper, which covers the top and sides of the foot, and the bottom part, which makes contact with the surface. 
A review and preview of sports footwear research enable us to step back for a short time to critically review the 
therapeutic running footwear field of research from a distance. This review is divided into three sections, the past, 
the present and the future in an attempt to relate the findings to the dynamic biomechanics of the foot and footwear 
during running. While one could go back into the centuries, this paper is limited to the recent past between 1970 and 
2009. The present has been defined as the last 10 years. The further research addresses the work that should be 
attempted in the future.  
2. Methods 
A search of 24 electronic databases including Medline (1970-present), CINAHL, Sport Discus, interest groups, 
manufacturers and following-up citations and the Cochrane Library was carried out on the developments into 
therapeutic sports footwear research. This review is divided into three sections, the past, the present and the future 
works. While one could go back into the centuries, this paper is limited to the recent past between 1970 and 1999. 
The present has been defined as the last 10 years (1999-2009). The future addresses the work that should be 
attempted in the next ten years. 
3. Results 
The results of this review study on the developments into therapeutic footwear research are divided into the three 
parts of:
3.1. Past (1970-1999): Research on footwear became attractive to movement scientists when the fitness and running 
activities started to boom in the early 1970’s [ 7- 13]. Initial work concentrated on the kinematic analysis of the foot 
and the lower extremities [ 13 &  14], on external and internal forces [ 15- 21], energy aspects of running shoes [36-38] 
and on the relationship between biomechanical variables and injuries [ 10, 11 &  25- 33]. These studies established 
variables such as rear foot motion [ 13], in-eversion, tibial rotation and impact [ 19] and active [ 13] ground reaction 
forces. Most of the work was done on running, leading to the concepts of cushioning, rear foot control and guidance. 
It was suggested that running shoes (and for that matter most sport shoes in general) should be built to reduce impact 
loading and to control (reduce) foot eversion and guide take-off inversion. It was suggested that these functions 
would reduce movement related injuries [ 7]. Tests were developed and used by running magazines to rank running 
shoes, quantifying cushioning, rear foot stability and other variables [ 7].  
Results of this research and testing were partly responsible for sport shoes that were developed into relatively bulky 
constructions with rigid heel counters, stiff heel stabilizers and wide lateral heel wedges, which may have been 
responsible for new problems and injuries. The wide lateral wedges, for instance, produced increased levers and 
were responsible for an increase in foot/shoe eversion [ 20], which was counteracted with stiffening of the medial 
shoe construction.  
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3.2. Present (1999-2009): During the last ten years, research on athletic footwear made substantial progress. The 
findings of some initial studies (certain results were not as expected) initiated more studies addressing often more 
realistic problems [ 34- 38]. The corresponding results increased the knowledge in footwear research by a quantum 
leap. Furthermore, old paradigms were challenged and in some cases, new paradigms were proposed and supported 
by evidence. The most important new proposals and / or findings included:  
• Actual skeletal movement and loading as a function of movement tasks and footwear were determined in 
vitro and, in a few cases, in vivo during walking and running [ 39- 42].  
• The connection between sensory and mechanical effects was addressed [ 32 &  43].  
• Barefoot movement was studied and imitated with new shoe constructions [ 42].  
• The old paradigm of impact loading and related overloading was challenged and a new paradigm was 
proposed for impact forces, relating them to soft tissue vibrations and muscle tuning [ 44- 49]. 
• The old paradigm for movement control, suggesting that foot eversion / pronation should be minimized was 
challenged and a new paradigm was proposed, relating joint movement and corresponding muscle activity 
to a “preferred movement path” [ 46].  
• The paradigm of shoe stability was challenged through the construction of unstable shoes with surprising 
effects related to pain and performance.  
• Comfort has been established as an important functional variable of footwear research [ 50].  
The positive and negative outcomes of the two phases (past and present) of  this review study are listed in Table (1): 
Phases of Study Positive Outcomes Negative Outcomes
Phase (1) : Past 
(1970 – 1999) 
• The actual research questions were 
developed.  
• Methodologies to quantify kinematics and 
kinetics variables were developed.  
• The initial approach was purely mechanical 
(no sensory feedback or biological reactions) 
and descriptive. 
• Initial results were often over-interpreted and 
were partly responsible for a few “blunders” 
in sport shoe construction.  
Phase (2) : Present 
(1999 – 2009) 
• New technologies were developed to 
quantify the effects produced by footwear 
(e.g. pressure distribution [ 51], Wavelet 
analysis for EMG data [ 49], principal 
component analysis).  
• New paradigms were proposed and some 
supporting evidence was provided.  
• Comfort was established as an important 
variable.  
• New automated robotic testing 
methodologies were developed.  
• Research was performed in academia as 
well as in the larger footwear companies 
and the corresponding many results were 
used by the footwear industry.  
• Research has expanded beyond running to 
include soccer and other sports.  
• Energy aspects were studied with respect to 
performance.  
• Research was often still 
descriptive/statistical and functional 
correlations between biomechanical 
variables and health or performance related 
outcome was not available.  
• Sport injury development was not addressed 
by understanding the functional connection 
between the injuries and the related 
movement and forces.  
Table (1):- List of positive and negative outcomes of the development into the therapeutic footwear 
research during the past and present phases 
3.3. Future (2009-2019): Athletic footwear research has made substantial progress in the last 30 years. The new 
methodologies and the bright young researchers joining the field will provide additional substantial and exciting 
development and progress in the future. The major research investments for future projects related to footwear 
should concentrate on:  
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• Off-loading strategies: tailored to the age, strength, activity, and home environment of the patient. 
• Frequency of Input Signals: Each force acting on the human foot can be described with amplitude and 
frequency. It has been suggested that the frequency component of this input signal is important [ 46], that it 
has been neglected in past research and that many performance and injury related questions can be addressed 
by studying the frequency component of input signals. 
• Kinematic and Kinetics and Injury Development: Injury development has often been studied by using 
statistical correlations between variables [ 29]. It is suggested that the understanding of the development of 
specific sport injuries will make substantial progress if the studies use functional approaches, connecting 
local internal forces to overloading and failure of tissue.  
• Control Systems: Forces acting on the musculo-skeletal structure of the human body produce not only 
mechanical changes but produce changes in the biochemical composition and changes in the sensory 
feedback [ 32 &  43]. The quantification of those changes (e.g. through functional biological markers) will 
allow understanding changes in the tissue and/or the movement that may be related to injuries or changes in 
performance.  
• Biological Adaptation: Every force acting on the human body sends signals to the various tissues. Some of 
these signals may be responsible for bio-positive or bio-negative effects in structures of the loco-motor 
system. Understanding the effects of such signals and understanding to send the right signals may be a 
strategy to prevent injuries and/or to improve performance. The knowledge in this area of research is very 
limited. However, it may be possible to make substantial and relevant steps in this direction.  
• Biomechanical Shoe-Foot Models: Footwear research has only rarely used mathematical models to predict 
behavior of the loco-motor system in systematically changed situations. However, this approach would 
probably provide more insight into loading, performance and injury conditions.  
• Intelligent Footwear: Shoes could / should / will be developed that understand the needs of the individual 
and adapt to those needs.  
• Performance and Footwear: Certain shoe constructions do affect performance positively or negatively. 
Research should concentrate to identify the reasons for these effects. The understanding of these functional 
correlations may provide insight into the basics of shoe construction.  
4. Conclusions 
The main conclusions drawn from the current review study are: 
• The therapeutic sports footwear research has made substantial progress in the last 30 years. The new 
methodologies and the bright young researchers joining the field will provide additional substantial and 
exciting development and progress in the future. 
• In summary, athletes with prior foot ulcers indicated they need a variety in shoe types and styles. These 
individuals should be encouraged to use adequate footwear and minimize the time spent in dangerous 
footwear, stockings, and going barefoot. The combination of good foot care and adequate, acceptable, and 
reasonably priced footwear is important to ensure healthy feet in high-risk people with diabetes. 
• Many off-loading ideas are available and in practice in diabetic wound care. None of the strategies described 
should be seen as a single solution for off-loading the runner’s diabetic foot. Rather, they can form part of a 
total plan that includes education, control of infection, shoes fitted with appropriate orthoses / insoles and 
surgery if necessary. 
• In the near future, experts predict refinements of current designs and manufacturing processes rather than 
radical breakthroughs. Within the next ten years, athletic shoe sizing should become standard worldwide. 
Designers will continue to seek lighter weight materials that provide better support and stability with further 
use of gels and air systems. Electronic components will also be built into the running shoe, so that 
information about physical characteristics and developments can be measured with a micro chip and later 
downloaded into a computer. Another feature that is already beginning to appear is the battery-operated 
lighting systems to accommodate the evening jogger. As consumers continue to spend millions for the 
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comfort of running shoes, manufacturers of the ordinary shoe will continue to compete for these dollars by 
applying running shoe design principles to everyday shoes.  
• Physical therapists can provide more effective programs for prevention and rehabilitation of foot and ankle 
injuries if dynamic characteristics are taken into consideration.  
• Functional descriptions of running biomechanics have been provided along with quantitative findings from 
current biomechanical studies. Extensive databases are still unavailable for many of the biomechanical 
variables that affect dynamic foot and ankle motion.  
• As advances in biomechanical methods continue and more clinicians include quantitative techniques in their 
routine evaluations, however, more insight into dynamic foot and ankle function will be provided. 
References 
1. Robert Donatelli, R., “The Biomechanics of foot and anckle”, F.A. Davis Co., 1990. 
2. Donald B. Slocum, MD; Stanley L. James, MD, “Biomechanics of running”, JAMA, 205(11):721-728, 1968. 
3. Novacheck, T., “The biomechanics of running”, Gait & Posture, Volume 7, Issue 1, Pages 77-95, 1998. 
4. Barrios, D. S.,“Runner's world guide to injury prevention: how ...”, Holtzbrinck Publishers, 2004. 
5. Hutchinson, A. et al., “Clinical guidelines and evidence review for type II diabetes: prevention and 
management of foot problems”, London: Royal College of General Practitioners. 
6. Margareta Nordin, M. & Frankel, V., “Basic biomechanics of the musculoskeletal system”, 3
rd
 Edition, 
Lippincott Williams Wilkins Publishers, 2001. 
7. Cavanagh, P. R., “The Running shoe”, Mountain View, CA. Anderson World, Inc., 1980. 
8. Clement, D. B. et al., “A survey of overuse running injuries”, The Physician and Sports Medicine, Vol. (9), PP 
47-58, 1981.  
9. Hamill, J. et al., “Variations in ground reaction force parameters at different running speeds”, Human 
Movement Science, Vol. (2), PP 47-56, 1983.  
10. James, S., et al., “Injuries in runners”, Am. J. Sports Medicine Vol. (6), PP 40-50, 1978.  
11. Krissoff, W. B. et al., “Runner's injuries”, The Physician and Sports Medicine Vol. (7), PP 55-64, 1979.  
12. Light, L. H., et al., “Skeletal transients on heel strike in normal walking with different footwear”, Journal of 
Biomechanics, Vol. (13), PP 477-488, 1979.  
13. Nigg, B. M., et al., “Movement analysis for shoe corrections”, Medita Vol. (9a), PP 160-163, 1977.  
14. Clarke, T. E. et al., “The effects of shoe design parameters on rear foot control in running”, Med. Science 
Sports Exercise Vol. (5), PP 376-381, 1983. 
15. Bobbert, M. F. et al., “Calculation of vertical ground reaction force estimates during running from positional 
data”, Journal of Biomechanics Vol. (24), PP 1095-1105, 1991. 
16. Burdett, R. G., “Forces predicted at the ankle joint during running”, Med Science Sports Exercise, Vol. (14), 
PP 308-316, 1982. 
17. Cavanagh, P. R. & Lafortune, M. A., “Ground reaction forces in distance running”, Journal of Biomechanics, 
Vol. (13), PP 397-406, 1980. 
18. Denoth, J., “Load on the Locomotor system and modeling”, In B.M. Nigg, (Ed.), Biomechanics of running 
shoes. Human Kinetics Publ., Champaign, IL, USA, PP 63-116, 1986.  
19. Frederick, E. C. & Hagy J. L., “Factors affecting peak vertical ground reaction forces in running”, Journal of 
Sports Biomechanics, Vol. (2), PP 41-49, 1986.  
20. Nigg, B.M. & Morlock, M., “The influence of lateral heel flare of running shoes on pronation and impact 
forces”, Med. Sci. Sports Exercise, Vol. (19), PP 294-302, 1987.  
21. Scott, S. H. & Winter, D. A., “Internal forces at chronic running injury sites”, Med. Sci. Sports Exercise Vol. 
(22), PP 357-369, 1990.  
22. Hamill, J. et al., “Effects of shoe type on cardiorespiratory responses and rearfoot motion during treadmill 
running”, Med. Science Sports Exercise, Vol. (20), PP 515-521, 1988.  
23. Stefanyshyn, D. J. & Nigg, B. M., “Mechanical energy contribution of the metatarsalphalangeal joint to 
running and sprinting”, Journal of Biomechanics, Vol. (30), PP 1081-1085, 1997.  
24. Williams, K., “The relationship between mechanical and physiological energy estimates”, Med. Sci. Sports 
Exercise, Vol. (17), PP 317-325, 1985. 
M.R. Shariatmadari et al. / Procedia Engineering 2 (2010) 2811–2816 2815
RE
TR
AC
TE
D
 M. R. Shariatmadari et al. / Procedia Engineering 00 (2010) 000–000 
25. Cook, S. D. et al., “Running shoes: their relation to running injuries”, Sports Medicine Vol. (10), PP 1-8, 
1990.  
26. Eichner E. R., “Does running cause osteoarthritis?”, The Physician and Sportsmedicine, Vol. (17), PP 147-
154, 1989.  
27. Konradsen, L., et al., “Long distance running and osteoarthritis”, The American Journal of Sports Medicine, 
Vol. (18), PP 379-381, 1990.  
28. Lane, N. E. et al., “Long-distance running, bone density and osteoarthritis”, JAMA 255: 1147-1151, 1986. 
29. Mechelen, W. van, “Running injuries, a review of the epidemiological literature”, Sports Medicine, Vol. (14), 
PP 320-335, 1992.  
30. Radin, E. L. & Paul, I. L., “Response of joints to impact loading. Arthritis and Rheumatism, Vol. (14), PP 
356-362, 1971.  
31. Radin, E.L. et al., “Effects of prolonged walking on concrete on the knees of sheep”, Journal of Biomechanics, 
Vol. (15), PP 487-492, 1982.  
32. Robbins, S. E. et al., “Athletic footwear and chronic overloading”, Sports Medicine, Vol. (9), PP76-85, 1990.  
33. Schwellnus, M. P., et al., “Prevention of common overuse injuries by the use of shock absorbing insoles”, The 
American Journal of Sports Medicine, Vol. (18), PP 636-640, 1990.  
34. De Wit, B. et al., “The effect of varying midsole hardness on impact forces and foot motion during foot 
contact in running”, Journal of Applied Biomechanics, Vol. (11), PP 395-406, 1995.  
35. Lafortune, M. A. & Hennig, E. M., “Contribution of angular motion and gravity to tibial acceleration”, Med. 
Sci. Sports Exercise, Vol. (23), PP 360-363, 1991. 
36. McClay, I. & Manal, K., “Coupling parameters in runners with normal and excessive pronation”, Journal of  
Applied Biomechanics, Vol. (13), PP 109-124, 1997. 
37. Nawoczenski, D. A., et al., “The effect of foot orthotics on three-dimensional kinematics of the leg and 
rearfoot during running”, Journal of Orthopaedic Sports Physical Therapy, Vol. (21), PP 317-327, 1995.  
38. Walter, S. D. et al., “Training habits and injury experience in distance runners, age and sex related factors”, 
The Physician and Sports medicine, Vol. (16), PP 101-111, 1988.  
39. Bergmann, G. et al., “Influence of shoes and heel strike on the loading of the hip joint”, Journal of  
Biomechanics, Vol. (28), PP 817-827, 1995. 
40. Lafortune, M. A., “Three-dimensional acceleration of the tibia during walking and running”, Journal of 
Biomechanics, Vol. (24), PP 877-886, 1991.  
41. Reinschmidt, C. et al., “Tibiocalcaneal motion during running -measured with external and bone markers”, 
Journal of Biomechanics, Vol. (12), PP 8-16, 1997. 
42. Stacoff, A. et al. “Tibiocalcaneal kinematics of barefoot versus shod running”, Journal of Biomechanics, Vol. 
(33), PP 1387-1396, 2000.  
43. Nurse, M. A. et al., “Quantifying a relationship between tactile and vibration sensitivity of the human foot 
with plantar pressure distributions during gait”, Journal of Biomechanics, Vol. (14), PP 667-672, 1999.  
44. Nigg, B. M., Cole, G. K. & Brüggemann, G. P., “Impact forces during heel-toe running”, Journal of Applied. 
Biomechanics, Vol. (11), PP 407-432, 1995.  
45. Nigg, B. M., “Impact forces in running”, Current Opinion in Orthopedics, Vol. (8), PP 43-47, 1997. 
46. Nigg, B. M., “The role of impact forces and foot pronation -a new paradigm”, Clinical Journal of Sports 
Medicine, Vol. (11), PP 2-9, 2001.  
47. Wakeling, J. M. & Nigg, B. M., “Modification of soft tissue vibrations in the leg by muscular activity”, 
Journal Applied Physiology, Vol. (90), PP 412-420, 2001.  
48. Wakeling, J. M. & Nigg, B. M., “Soft-tissue vibrations in the quadriceps measured with skin-mounted 
transducers”, Journal of Biomechanics, Vol. (34), PP 539-543, 2001.  
49. Wakeling, J. M. et al. “Surface EMG shows distinct populations of muscle activity when measured during 
sustained sub-maximal exercise”, European Journal Applied Physiology, Vol. (86), PP 40-47, 2001..  
50. Mündermann, A. et al., “Consistent immediate effects of foot orthoses on comfort and lower extremity 
kinematics, kinetics and muscle activity”, Journal of Applied Biomechanics, Vol. (20), PP 71-84, 2004.  
51. Milani, T. L., et al., “Rearfoot motion and pressure distribution patterns during running in shoes with varus 
and valgus wedges”, Journal of Applied Biomechanics, Vol. (11), PP 177-187, 1995. 
2816 M.R. Shariatmadari et al. / Procedia Engineering 2 (2010) 2811–2816
RE
TR
AC
TE
D
